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ABSTRACT 
 
The direct discharge of Palm Oil Mill Effluent (POME) into river causes serious 
environmental pollutions due to its high content of organic matter which causes 
depletion of oxygen in water bodies. The conventional anaerobic POME treatment by 
using anaerobic ponding system requires longer Hydraulic Retention Time (HRT) and 
large space. In this study, the efficiency of Membrane Anaerobic System (MAS) in 
treating POME was investigated. The MAS is a system that consists of an anaerobic 
digester, a centrifugal pump and Cross-Flow Ultrafiltration (CUF) Membrane with 
Molecular Weight Cut-off (MWCO) 200 kDa which have been operated at the pressure 
of 1.5 bars to 2 bars. Three runs of the experiment had been done on three kinds of the 
POME samples, 50 % diluted raw POME (Run 1), anaerobic digested POME without 
addition of mixed culture inoculum (Run 2) and anaerobic digested POME with 
addition of mixed culture inoculum (Run 3). Throughout the study, the MAS system 
was performing better in treating anaerobic digested POME in term of overall Chemical 
Oxygen Demand (COD) removal efficiency in Run 2 and Run 3 compared to Run 1, 
which overall COD removal efficiency were 83.94 % (Run 2) and 77.98 % (Run 3). The 
overall Total Suspended Solid (TSS) removal efficiencies of MAS on POME were 
varied between 81.02 % and 99.95 % in three runs of the experiments. The overall 
Volatile Suspended Solid (VSS) removal efficiency of MAS on POME treatment was 
varied between 74.66 % and 87.87 %. The methane gas production was 80.79 %, 80 % 
and 78.26 % for Run 1, 2, 3 respectively. The addition of inoculum did not show any 
significant effect on methane production in Run 3. The methane gas production in MAS 
through anaerobic digestion of POME was found to be linearly in relationship with the 
VSS removal efficiency and organic loading.  
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ABSTRAK 
 
Pembuangan langsung sisa dari kilang minyak kelapa sawit (POME) ke dalam 
sungai menyebabkan pencemaran alam sekitar yang serius disebabkan oleh kandungan 
bahan organik yang menyebabkan kekurangan oksigen dalam sungai. Rawatan POME 
dengan cara konvensional iaitu, sistem tasik anaerobik memerlukan ruang yang besar 
dan juga masa penahanan hidraulik (HRT) yang panjang. Dalam kajian ini, kecekapan 
MAS dalam rawatan POME akan dikaji. MAS adalah satu sistem yang terdiri daripada 
anaerobik bioreaktor, pam dan juga aliran silang Ultrafiltrasi (CUF) membran dengan 
pemotongan berat molekul (MWCO) 200 kDa yang beroperasi pada tekanan 1.5 bar 
hingga 2 bar. Tiga eksperimen telah dijalankan ke atas tiga jenis sampel POME, iaitu 
POME mentah yang dicairkan 50 % (Eksperimen 1), POME yang telah dirawat secara 
anaerobik tanpa penambahan bakteria (Eksperimen 2) dan POME yang telah dirawat 
secara anaerobik dengan penambahan bakteria (Eksperimen 3 ). Sepanjang kajian ini, 
sistem MAS didapati lebih cekap dalam penyisihan keperluan oksigen kima (COD) 
secara keseluruhan dalam Eksperimen 2 dan Eksperimen 3 berbanding dengan 
Eksperimen 1. Kecekapan penyingkiran COD secara keseluruhan dalam Eksperimen 2 
dan 3 adalah sebanyak 83.94 % dan 77.98 % masing-masing. Ketiga-tiga eskperimen 
dalam kajian ini menunjukan kecekapan MAS dalam merawat POME dengan 
penyingkiran jumlah pepejal terampai (TSS) secara keseluruhan yang tinggi, iaitu di 
antara 81.02 % dan 99.95 %. Kecekapan MAS  dalam penyingkiran jumlah pepejal 
meruap (VSS) adalah berbeza-beza antara 74.66 % dan 87.87 %. Pengeluaran gas 
metana dalam Eksperimen 1, 2 dan 3 adalah sebanyak 80.79 %, 80 % dan 78.26 % 
masing-masing. Dalam Eksperimen 3, penambahan bakteria ke dalam POME tidak 
menunjukkan sebarang kesan ke atas pengeluaran gas metana. Pengeluaran gas metana 
melalui pencernaan anaerobik POME dalam MAS adalah didapati berkadar langsung 
dengan kecekapan penyingkiran VSS dan beban organic dalam sampel POME. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND OF STUDY 
 
Malaysia is the world second largest producer of palm oil and palm oil industry 
is the largest agro industry in Malaysia. According to Ismail (2011) reported in 
Bloomberg news, the production of the palm oil in Malaysia was estimated to be 18.3 
million tonnes this year and it was also estimated to increase 2.2 % to 18.7 million 
tonnes and flat between 18.6 million to 19 million tonnes in year 2012. Obviously, the 
world demand and the production of the palm oil have been kept on increasing 
compared to last year, 2010 which is only 17 million tonnes.  
 
As discussed by Rupani et al. (2010), Malaysia contributes 41 % of the world 
plantation, which is among the largest export of Crude Palm Oil (CPO) ranked after 
Indonesia. The CPO is a mixture of palm oil and water in the proportion of 35 % to 45 % 
and 45 % to 55 % respectively, as well as some fibrous materials. Rupani et al. (2010) 
also discussed that large amount of water is needed during the extraction process of 
CPO, about 7.5 tonnes for each tonne of CPO. Lastly, up to 50 % of water ends up as 
wastewater, Palm Oil Mill Effluent (POME) with high organic content and also acidic 
nature. As the world demand of the palm oil is kept on increasing, therefore it indicates 
that more POME will be produced as the waste from the palm oil mills.  
 
The raw POME is a thick brownish waste that contains high amount of Total 
Suspended Solids (TSS) 40 500 mg/L, Chemical Oxygen Demand (COD) 50 000 mg/L, 
Biochemical Oxygen Demand (BOD) 25 000 mg/L (Haris, 2006) and with pH range 
from 3.8 to 4.5 (Zinatizadeh et al., 2006). The organic content of POME is very high 
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due to its high BOD and TSS that do not meet the standards of Department of 
Environment (DOE) to be released into the river. Therefore, POME cannot be 
discharged into the river directly without treatment as it also depletes the dissolved 
oxygen content in water bodies and caused aquatic pollutions (Rupani et al., 2010). 
Treatments of POME have to be done to fulfil the requirement of DOE before it has 
been discharged into river to reduce the pollution to the environment.  
 
Ma et al. (1993) mentioned that more than 85 % of the palm oil mills in 
Malaysia have been using the anaerobic ponding system for biological pond treatment 
due to its low cost and followed by an open digesting system with aeration in the pond. 
However, this conventional method of POME treatment does not favour the renewable 
energy recovery, not economically friendly and also long treatment time needed.  
 
The emergence of membrane separation technology has been recognized to be 
an efficient alternative in POME treatment (Ahmad and Chan, 2009). By implementing 
the membrane after the anaerobic digester of the POME treatment enables the zero 
emission or zero discharge of the POME in the palm oil mill to the environment by 
recycling back the clean water (permeate after membrane filtration) to the boiler of the 
CPO processing plant.  
 
Abdurahman et al. (2011) proposed that Membrane Anaerobic System (MAS) as 
an alternative for POME anaerobic treatments with addition of Cross Flow 
Ultrafiltration (CUF) membrane for physical treatment to an anaerobic digester not only 
to produce methane gas but also to achieve high treatment efficiency with high removal 
of COD, TSS and also Volatile Suspended Solid (VSS) in a short treatment period.  
 
This thesis mainly elaborates on the cultivation of anaerobic microorganism 
which is responsible for the anaerobic digestion process in MAS, evaluation of related 
parameters of MAS for POME treatment by using three different samples, which are 50 % 
diluted raw POME, anaerobically digested POME without addition of mixed culture 
inoculum and anaerobically digested POME with addition of mixed culture inoculum, 
and the methane gas yield after the POME treatment.  
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1.2 STATEMENTS OF PROBLEMS 
 
This study consists of three statements of problems that discussed in 1.2.1, 1.2.2 
and 1.2.3.  
 
1.2.1 POME causes severe environmental problems  
 
The discharge of POME to the river without treatment causes a serious 
environmental pollution due to its high organic content and its acidic behaviour. Based 
on the guidelines set by DOE Malaysia, the BOD limit of the wastewater discharge 
from industries should not be more than 100 mg/L (Mamun and Idris, 2008). Poh and 
Chong (2010) mentioned that raw POME having the COD value in the range of 22 660-
73 500 mg/L, BOD in the range of 11 730-37 500 mg/L, suspended solid between 7 100 
to 24 500 mg/L and pH 4.19 to 5.30. Therefore, the treatment of POME is necessary 
before it causes pollution to river, brings health hazards and aquatic livings extinction. 
High organic content of POME causes the depletion of the dissolved oxygen content in 
river. Yacob et al. (2006) stated that 0.5-0.57 tonnes of POME will be released from the 
palm oil mill while processing a tonne of oil palm fresh fruit bunch (FFB), thus an 
efficient POME treatment plant has to be established to manage those waste produced.  
 
1.2.2  The disadvantages of the conventional treatment system  
 
The conventional treatment system, anaerobic ponding system followed by open 
aerated lagoons or facultative ponds and algae ponds requires a huge land. Thus, it is 
not suitable for the developed countries with limited land. In Malaysia, more than 85 % 
of the palm oil mills have applied the conventional POME treatment method, anaerobic 
ponding system due to its inexpensive cost (Ma and Ong, 1985).  
  
The ponding system requires a space about 12 soccer fields and the long 
Hydraulic Retention Time (HRT) of 45-60 days (Zinatizadeh et al., 2006). In other 
words, the treatment time for POME treatment until it released into river is about 2 
months by using anaerobic ponding system. Ahmad et al. (2005) discussed that the 
conventional treatment system is lack of process efficiency in terms of uncontrolled 
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production of methane and carbon dioxide in series of open lagoons and the treated 
POME is not able to comply consistently with the effluent discharge standards once the 
production of CPO increased.  
 
Another major disadvantage of the anaerobic ponding system is the washout of 
the biomass responsible for the anaerobic digestion in the pond due to its short Solid 
Retention Time (SRT) especially when the production of CPO in a large quantity. 
Although the pond system is cost-effective in operating, it needs a longer HRT, short 
SRT, high energy consumption for aerated lagoon and high maintenance fees for all 
ponds. Therefore, the disadvantages of the anaerobic ponding system have offset its 
operating cost.    
 
With the same concept of recovering wealth from waste, an alternative, MAS is 
developed to reduce the size of land required, maintenance fees for all ponds with 
shorter HRT, which indicates more methane gas will be produced, thus reduce the 
POME treatment cost. Contrary to conventional method, membrane treatment of POME 
does not require a skilful worker to maintain the system because the system can be 
highly automated (Ahmad et al., 2003). 
  
1.2.3 Depletion of fossil fuel and clean water resources 
  
Depletion of fossil fuel and clean water resources are two major concerns in 
future. A lot of efforts have been done on biogas production to replace the non-
renewable energy resources such as petrol. According to Bolarinwa and Ugoji (2010), 
biogas is a renewable fuel produced from anaerobic digestion of organic material, which 
as the substrate for biomethanation. In addition to that, Nigeria is estimated can produce 
6.8 million L of gas daily in terms by anaerobic digestion on starchy wastes which is 
equal to 3.9 million L of petroleum (Faniran, 1982).  
 
Membrane Anaerobic System (MAS) has not only created an alternative in 
treating POME, but also biogas production as it works in a closed digester system, 
unlike conventional anaerobic ponding system and therefore enable methane gas capture 
easily. To catch in the trend of zero emission in palm oil mills, MAS enables the water 
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recycling and reduce the usage of water in palm oil mill. The highly efficient CUF 
membrane in MAS requires only a short treatment period to recover the water from 
POME and then the clean water recovered can be reused in the steam boiler of the palm 
oil mills. The water recovered from POME can be used as a drinking water in the future 
as POME is a non-toxic effluent.  
 
According to Abdurahman et al. (2011), the MAS have been proven to obtain a 
clearer final effluent, a reduction in COD content up to 96.4 % to 98.4 % with HRT of 
6.8 days for the POME treatment and also produce biogas, methane with the production 
rate of 0.25 and 0.57 L/g COD/day. Further development of MAS is necessary as a 
potential alternative to encounter the problems of fossil fuel and clean water resources 
depletion in Malaysia. 
 
1.3 RESEARCH OBJECTIVE 
 
The research objective of this study is to evaluate the relevant parameters on the 
performance of Membrane Anaerobic System (MAS) on POME treatment and methane 
gas production.  
 
1.4 SCOPES OF STUDY 
 
The scopes of this study can be divided into three perspectives whereby to 
achieve the objective.  
 
The first scope of the study is to perform a series of experimental works to study 
the general characteristic of microbial in POME collected from anaerobic pond in Lepar 
Hilir Palm Oil Factory. Anaerobic microorganism consists of three major groups, 
acidogens, acetogens and methanogens that are responsible for hydrolysis, acidogenesis, 
acetogenesis and methanogenesis during the anaerobic digestion. Microorganism is 
being cultured and isolated by spread plates and streak plates to study its general 
characteristic and a mixed culture inoculum was prepared to add into the MAS to see its 
effect on the methane gas production and the POME treatment efficiency.  
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The second scope of this study is to evaluate the efficiency of MAS on POME 
treatment based on the relevant parameters. The relevant parameters are COD, TSS, 
VSS and pH of POME. The comparison of those parameters has been done before and 
after the MAS treatment for the three different samples of POME, 50 % diluted raw 
POME (Run 1), anaerobically digested POME without the addition of mixed culture 
inoculum (Run 2) and also anaerobically digested POME with the addition of mixed 
culture inoculum (Run 3).  
 
The third scope of this study is to measure the final methane gas production for 
the POME treatment with three different samples by using MAS and also to see the 
effects of inoculum added on the methane gas production. 
  
1.5 RATIONALE AND SIGNIFICANCE OF STUDY 
 
This study is seen as significant in three major elements, which are its novelty, 
applicability and commercialization. 
 
1.5.1 The novelty of the study 
 
The novelty of the study lies in the Membrane Anaerobic System (MAS) which 
provides an alternative treatment on POME with a higher removal of COD and methane 
gas production as compared to the conventional anaerobic ponding treatment. Besides, 
the possibility of recovering drinking water from POME to supply for the residents‟ use 
and clean water recovery for the use of the steam boiler in palm oil mill is high by using 
this system. There is not much studies regarding the microorganism that affects the 
production of methane gas till now. The MAS model and setup had been patented by 
University Malaysia Pahang (UMP) in the year of 2010 and being accepted in a high 
impact journal, Elsevier on 17
 
August 2010 (Abdurahman et al., 2011). 
 
 
 
 
 
